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摘要 
受自然和人为活动的威胁，全球红树林严重退化，不仅红树林面积锐减，而
且红树植物群落退化、生态功能受损。近几十年来红树林恢复得到广泛关注，世
界各地开展了广泛的红树林恢复活动。人工造林是最常用的红树林恢复手段，但
不适宜的造林不能有效地恢复红树林，而且中国红树林的宜林地面积有限，除人
工造林外，还应该考虑其他手段。本研究以东寨港红树林为例，探讨不通过造林
的红树林生态恢复措施。 
2008 年以来，东寨港红树林由于水产养殖和禽畜养殖的污染而严重退化。
为改善东寨港的环境状况，2012 年以来，地方政府采取了一系列以改善水质为
主要目标的恢复措施。对 2004 年至 2014 年东寨港水质资料进行分析，发现 2004
年至 2008 年东寨港水质较好，2009 年开始恶化，2010 年至 2012 年最差，2013
年以来明显恢复。 
于 2014 年对东寨港红树林鱼类资源进行监测，以 3、6、9、12 月分别代表
春、夏、秋、冬四个季节，每季度在大潮期连续调查 3 天，对鱼类多样性和群落
结构进行分析，并与 2004 年施富山和 2009 年颜素贞的调查结果进行比较，旨在
探讨水质变化与红树林鱼类多样性和群落结构的关系，并从鱼类多样性的角度对
东寨港环境治理效果进行评估，为红树林恢复、保护与管理提供科学依据和建议。
主要研究结果如下：  
1. 在东寨港红树林区共发现鱼类 160 种，隶属于 16 目 60 科。其中鲈形目
29 科 89 种，呈绝对优势。鰕虎鱼科种类最丰富，共 27 种。国内各红树林区中，
东寨港鱼类种类数最高；广西防城港珍珠港和海南儋州儋州湾最低，各 27 种。
调查方法、调查时间、调查频次等对结果有影响。 
2. 2004 年、2009 年、2014 年分别记录鱼类 115 种、47 种、84 种。相较于
2004 年，2009 年鱼类种类丰富度、单网渔获量、单网生物量均大幅度下降，2014
年明显恢复。除 2004年潮沟和 3月的单网渔获量、单网生物量略低于 2009年外，
各生境、各季度鱼类多样性、丰度和生物量均呈现先下降后上升的规律。 
3. 2004 年鱼类种类丰富度高于 2014 年，但单网渔获量和单网生物量低于
2014 年，且单网生物量的恢复程度高于单网渔获量。鱼类资源恢复的顺序为生
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物量>丰度>种类丰富度。 
4. Margalef 丰富度指数、Shannon-Wiener 多样性指数、Simpson 生态优势度
指数均在 2009 年降低，2014 年升高，Pielou 均匀度指数则相反，2009 年升高，
2014 年又降低。说明 2004 年鱼类多样性最高，同时优势种的优势度最高，2009
年鱼类多样性降低，2014 年又恢复。 
5. 2004 年与 2009 年的种类相似性指数最低(Js=0.286)，2009 年与 2014 年的
种类相似性指数最高(Js=0.409)，说明 2009年鱼类种类组成发生了很大改变，2014
年有一定程度的恢复。 
6. 2004 年至 2014 年东寨港红树林鱼类优势种组成发生了明显改变。2004
年与 2009 年优势种组成种类相似度最高，2009 年与 2014 年优势种组成种类相
似度最低。鲻鱼(Mugil cephalus)、裸头双边鱼(Ambassis gymnocephalus)、青斑细
棘鰕虎鱼(Acentrogobius viridipunctatus)和犬牙缰鰕虎鱼(Amoya caninus)为共同优
势种。除了青斑细棘鰕虎鱼 2004 年的单网渔获量低于 2009 年，各共同优势种的
单网渔获量均呈现出先下降后升高的趋势。 
7. 相较于 2004 年，2009 年耐污种类数和数量的比例明显升高，2014 年稍
有下降。优势种耐污种类数和数量的比例也有相似的变化。 
8. 极耐污种前棱龟鮻(Chelon affinis)和鲻鱼的体长变化顺序为 2009 年>2004
年>2014 年，且 2009 年鲻鱼的体长显著大于 2014 年。一般耐污种犬牙缰鰕虎鱼
三个不同时期变化不大，只 2014 年略小于 2004 年和 2009 年。敏感种多鳞鱚
(Sillago sihama)的体长变化也不明显，顺序为 2004 年>2014 年>2009 年。 
随着水质变化，鱼类多样性和群落结构均明显改变。水质恶化，鱼类多样性、
丰度和生物量下降，耐污种优势度升高、个体增大；水质改善后，鱼类多样性、
丰度和生物量升高，耐污种优势度下降、个体减小。东寨港的环境综合整治工作
开展后，鱼类多样性明显恢复，说明环境整治工作取得了良好的成效。本研究中，
通过污染控制，改善了东寨港红树林的水环境质量，鱼类多样性明显增加，红树
林维持生物多样性的生态功能得到了有效恢复，因此，水质改善是恢复红树林的
有效方法。 
 
关键词：红树林；恢复；鱼类；水质；东寨港
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Abstract 
Mangrove ecosystems are amongst the most productive marine ecosystems, and 
provide unique ecological functions and significant social and economic values. 
Mangroves are threatened and degraded worldwide by both natural and anthropogenic 
processes that pose a risk for their long-term survival, which leads to dramatic loss of 
area, damage to plant community and ecological function. As a result of widespread 
mangrove loss, coupled with the increasing awareness of their importance, attention 
has focused on mangrove restoration over the past decades and restoration projects 
were widely launched. Afforestation is the dominant approach for mangrove 
restoration. However, the land area suitable for mangrove afforestation is limited in 
China, thus restoration approaches without afforestation should be considered. This 
study took mangroves at Dongzhaigang Bay for example to discusse mangrove 
restoration without afforestation. 
Since 2008, mangrove vegetation at Dongzhaigang Bay, Hainan, China, has 
experienced considerable degradation caused by pollution from aquaculture, livestock 
and poultry industries. To improve the environment at Dongzhaigang Bay, a series of 
comprehensive measures aimed at water pollution control were taken by local 
government. We collected water quality data from 2004 to 2014 and found that water 
quality started to deteriorate from 2009 and was worst from 2010 to 2012 and 
improved since 2013. 
Fish resources were investigated in 2014. Sampling was conducted seasonally, 
e.g. June (summer), September (autumn) and December (winter), March (spring). 
Each season lasted for 3 days during spring tide. Fish diversity and community 
structure were analyzed, and the results were compared with the study done by 
Fushan Shi in 2004 and Suzhen Yan in 2009, aiming at revealing the pattern of fish 
species diversity in relation to water quality, evaluating the governance effect of 
Dongzhaigang Bay, and providing scientific basis and suggestion for mangrove 
restoration and management. The mainly results were as follows:  
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1. A total of 160 fish species were recorded in mangroves at Dongzhaigang Bay, 
belonging to 16 orders and 60 families. Perciformes was the most diverse order with 
29 families and 89 species, and Gobiidae was the most diverse family with 27 species. 
Among all the domestic mangrove areas, Dongzhaigang Bay has the most fish species, 
followed by Zhangjiang, Guangdong and Zhangjiangkou, Zhangzhang, Fujian, 
namely 156 and 153 species, respectively. While Zhenzhugang, Fangchenggang, 
Guangxi and Danzhouwan, Danzhou, Hainan have the least fish species, each has 27 
species. Investigation method, lasting time and investigation frequency have effects 
on the results. 
2. In 2004, 2009 and 2014, 115, 47 and 84 fish species were recorded 
respectively. Comparing with 2004, fish species richness, catch per unit effort and 
weight per unit effort all decreased dramatically in 2009 and improved in 2014. The 
exceptions were catch per unit effort and weight per unit effort in creek and March. 
3. Fish species diversity was richest in 2004; however, individual number and 
biomass were most abundant in 2014. The sequence of fish restoration was biomass > 
individual abundance > species richness. 
4. Margalef richness index, Shannon-Wiener index and Simpson ecological 
dominance index were highest in 2004 and lowest in 2009. However, the Pielou 
evenness index displayed the opposite pattern. These results indicate that fish species 
diversity was richest in 2004 but that the superiority of dominant species was 
simultaneously the highest. 
5. Jaccard species similarity index was lowest between 2004 and 2009 (Js=0.286) 
and highest between 2009 and 2014 (Js=0.409), which indicated that species 
composition changed dramatically in 2009 and improved to some degree in 2014. 
6. Dominant species composition also changed from 2004 to 2014. Jaccard 
species similarity index of dominant species was highest between 2004 and 2009 
(50.00%) and lowest between 2009 and 2014 (40.00%). Mugil cephalus, Ambassis 
gymnocephalus, Acentrogobius viridipunctatus and Amoya caninus were common 
dominant species. The catch per unit effort for all common dominant species 
decreased in 2009 and recovered in 2014, except for Acentrogobius viridipunctatus, 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
V 
 
which was lowest in 2004 and highest in 2014. 
7. The proportion of pollution-tolerant species and abundance increased distincly 
from 2004 to 2009, and decreased slightly in 2014. The pollution-tolerant species 
proportion of dominant species change pattern was similar. 
8. The body length of very pollution-tolerant species Chelon affinis and Mugil 
cephalus was 2009>2004>2014. The body length of general pollution-tolerant species 
Amoya caninus in 2014 was slightly smaller than those in 2004 and 2009. The body 
length of pollution-intolerant species Sillago sihama was 2004>2014>2009. 
Fish species diversity and community structure changed according as water 
quality changed. As water quality deteriorated, fish diversity, abundance and biomass 
decreased, the dominance of pollution-tolerant species was more prominent and their 
length increased. This was reversed when water quality improved. Changes in fish 
species diversity were consistent with changes in water quality, suggesting that the 
pollution control measures achieved significant effects. In this study, the water quality 
at Dongzhaigang Bay was improved by pollution controlled, and fish diversity was 
significantly increased, the ecological function of mangrove maintaining biodiversity 
was effectively restored. Thus, water quality improvement is an effective way of 
mangrove restoration. 
 
Key words: Mangrove; Restoration; Fish; Water quality; Dongzhaigang Bay 
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第一章 前言 
1.1 红树林生态功能 
红树林是生长在热带、亚热带海湾河口潮间带的木本植物群落(Chapman, 
1976; 林鹏, 1984; Tomlinson, 1986)，具有高生产率、高分解率、高归还率的三高
特点(林鹏, 1997)。红树林生态系统是一种重要的海岸湿地类型，它处于海洋与
陆地的动态交界面，周期性遭受海水浸淹的潮间带环境，使其在结构与功能上具
有既不同于陆地生态系统也不同于海洋生态系统的特性，作为独特的海路边缘生
态系统在自然生态平衡中起着特殊的作用，是热带、亚热带海岸带的生态关键区
(林鹏和傅勤, 1995; 何明海和范航清, 1995)。红树林生态系统是世界“四大最富
生物多样性海洋生态系统”之一，具有独特的生态功能和重大的社会、经济价值。
红树林生态系统的功能与价值包括维持生物多样性，维持高渔业产量，净化水体，
促淤造陆、防浪护堤，维持沿海居民的需要和生计等(Field, 1995; 王文卿和王瑁, 
2007; Sandilyan & Kathiresan, 2012)。 
1.1.1 维持生物多样性 
红树林将其巨大的初级生产力输向附近水体，成为许多海洋动物直接或间接
的食物来源。而且其根系形态多样、纵横交错，可为鱼类和其他动物提供活动和
生长发育的良好环境。虽然红树林内生物多样性相对较小，但是整个红树林湿地
的生物多样性却远远高于无红树林区。中国总面积 4.7×108 hm2的黄海、东海、
南海及渤海有海洋生物 28000 余种(黄宗国和林茂, 2012)，而中国面积 8.3×104 
hm
2的红树林湿地记录的物种达 2854 种(何斌源等, 2007)，红树林湿地单位面积
的物种丰富度是海洋平均水平的 567 倍。 
红树林是许多鱼、虾、蟹和贝类等海洋动物躲避敌害、育苗和生长的良好场
所。红树林被公认为鱼类的育苗场(Robertson & Duke, 1987; Laegdsgaard & 
Johnson, 1995; Manson et al., 2005; Faunce & Serafy, 2006; Wang et al., 2009; 
El-Regal & Ibrahim, 2014)。印度-西太平洋区域内红树林区的鱼类多样性是全世
界最高的，鱼类的种类数可以高达 600 多种(Blaber, 2000)。红树林及林缘滩涂的
厦
门
大
学
博
硕
士
论
文
摘
要
库
第一章 前言 
2 
 
鱼类独有种远高于附近的海草场(Laegdsgaard & Johnson, 1995)。 
1.1.2 维持高渔业产量 
红树林是热带亚热带海湾河口维持高渔业产量的主要因素(Manson et al., 
2005; Blaber, 2007; Shinnaka et al., 2007)。全球海岸线有红树林生长的区域，当地
的渔业资源和产值都比较高，根据 Rönnbäck 的估算，世界红树林对渔业的贡献
率每年达 750-16750 美元/ha (Rönnbäck, 1999)。全世界范围内大约 30%的经济鱼
类都是源自红树林区(Naylor et al., 2000)。与附近的海草场相比较，红树林及林
缘滩涂的渔获量是后者的 4-10 倍(Robertson & Duke, 1987)。在马来西亚，近岸渔
业的产量与红树林面积具有正相关性(MacNae, 1974)；印尼每年鱼类捕获量与红
树林面积成正比(Martosubroto & Naamin, 1977)；在美国佛罗里达，60%以上的经
济鱼类在它们生命中的一个阶段或几个阶段与红树林密切有关(Nickerson, 1999)。 
1.1.3 净化水体 
红树林湿地生态系统处于淡水和海水的交互地带，污染物和有毒物质存留在
泥滩中，红树林湿地通过物理作用、化学作用及生物作用对各种污染物进行处理
可对其加以吸收、积累而起到净化作用(林鹏, 1984)。红树林湿地的净化效果有
以下几个方面：对重金属的净化作用，对含油废水的净化作用，降低有机污染，
对氮和磷的净化作用以及降低悬浮物的含量(李晓菊等, 2005)。 
研究表明红树林湿地对总氮和总磷有很好的去除效果(Wong et al., 1997; 
Sansanayuth et al., 1996; 陈志力等, 2011; 杨琼等, 2014)。根据 Boto (1992)和
Clough 等(1981)的研究，每公顷红树林年吸收氮 150-250 kg、磷 10-20 kg。陈桂
珠、缪绅裕等通过实验室模拟湿地系统，发现红树林对污水中氮、磷等营养物质
净化效果显著(陈桂珠等, 1996; 缪绅裕等, 1999)；黄凤莲等(2004)发现由于红树
林的净化作用，滩涂种植－养殖系统中水质达到Ⅱ-Ⅲ类海水水质标准。 
红树植物能降低养殖水体中的营养盐浓度。刘蔚秋等(2005)对深圳市沙井镇 
9 个种植红树的鱼塘和一个无红树植物的对照塘水体中营养盐及浮游植物进行
了为期 1 a 的调查研究，发现在鱼塘中种植红树植物能有效降低养殖水体中的营
养盐浓度；佘忠明等(2005)研究了红树林对养殖水体的净化效应，结果显示，种
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
